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tm this tlwsls 8s£»tr s^stSy ef s %pissl 

strseisurs ssh^lsshii ts losisy hste 
hssxi stiidisi ttats Jmsljrsis** fht iis«4 for 

^ili^ss ii3ifil.fsis is a sf m& 

amljrtisiS. tsshniiiiiis* €allapae ai^ai itsiperiassctiy shtaiasd 
hf athsr invasti^l^rSy Isi'vt hmn iii^d« lti»mitis thanfsa 
has hism U'Ssi ts ahtain ‘ogipBV hcsi^^ to <^^Pap8e pf«swa far 
tha SsaS« 'Basils a&ilhftt pmmmam straetiiss M haaii 
aftsIjrsaS tor iasist | 
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1 *1 

Ssixif ia tin prim m&mr #f «Q^X9iil.e giw^ aul 
attfttXepuAiKl* .Sattsi!«i1Isr» fw a Iwttar dituia atads 

mm emrw dtirataiHnnstel aetivitiaa aaS iieii^ 
maxm 'Hwiaaf « 

At tim imgAmim af wm*9 m&.f mmmm 

mi mm waad* fiita* pfato%d 7 « mm entail pmmr^ 

Timm tm aantixiiii im m tm vmS&t mmrms af mmpgy far 
agee« SiMiW smm ma laralutientned in tb» eiiila «f 19^ 
aaaltifi' whia amt tmk amr m ttm primmer amxm at ftnargy* 
Hair all. eteiie ta caflealiig oael|! and anetaar tmila cam 
all mt ta waptam all* 

liKitkatrl.iilt8atlait and attaints ta i^ra^a faaM'^ af 
life af paafla liaae imraaaaA asarsgjr fatpiraiaiista Mtnifaii* 
tta tstmmaAam AmmmiL at ampgf jeaftitxa ilaarae mmmaa 
at aaargr# At pmaamt pmatlmtl mmmm at amxw sm £»^il 
fii»lat Ifdra pemit^ mlmr ampgff vMaA^ amtm tlM^ fial^ml 

tffm WKmt0B^F mSmVgStm IPSIt WmWSf mm W/H 

aaildf im t&tmaf mra ^^atai m aata^i^ taa a#in(^:aallf 
raaawiiiiia iai^il' ^la* Amatbaw asmm at- mmpgy naat this 
IM ta waat aaargr aai^tliiilaii ^ ' 

vtadf miaam§ tAAai^ iM^laft and gtatlMriaiai ammst aia tua 
Italic Mii iMiHf ta wttm ttm aitamtMm ammmm at mmvi^ 
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Ss4m pmmt ims mms pmW.mim tmsM&s bugs inltii^ eests* 
tide itiams nutdemr fiieXs as tlia aidj ec^acmleaX asRirc^s far 
%bs flitaFS mm§gy i^qairssazits* tliera aia INps 

pi^caases Iqr wbdeb mmwgy em bs gsnasmteS £!^ aacdsar 
Itstls«»£l8si^ axid cstmtrallefi l^8la% ^thefa Bm$ still« aa^ai' 
obstacXas in tbe ms« af proe&mm Xbls Xea*9tt0 ms &s£Lf 

%fXtli maXsar tlsaiemt at pzmsamt* 



ami a is tbs ssXaeitr-af Xiglit» If out af tb» msmtroas 
•Bittsd is ae^tiixmtf I17 amotbsr iiwilombXa mcX^s a sa^imii 
acMtra s^isiXar to tlis first,, ^esiottiar xistitraa m&f 
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elaselfJUid m t!ii iNKSis &i t^pft tr WNi«ziit9r 

iistd @r tb 9 «iiBi^ df fieuti*@as dr a doabimtldii of tiiew 
faet^m* 

^»»}gh iKtQlaer raaatorv are beceBiliig eert laii wmm 
pepilary <|i;^etl«i8 art raimd at tiaeat regarfling tiwir saftt^r 
aspects* It is mtaral the dangers asadclated 

ifith p^adlhle accidents at naolear reactcrst 

1*2 nuclear Beacter Saie% 

ChemthTi has gietn hmwnit? «rt»t was dsXf ftared 
earlier* Test • tisder nuclear dli^ster leadii^ te rtleaiii 
af r^i^ctiirit^' in a^araing ameimts* Is net the place 

tc discuss 1^ <^ses er effects cf the accident but it can 
be saiblir said tlmt it lus acre than ei^tealnid the infNtrtanca 
«f nuclear reacter eeittf and ef rtactcr centaixiient structure, 
as a au^ear WB:§ttf ftature* 

'Rie basic design philci^lif cf nudaar fcwar plants 
inocrporates leeels cf safe% ieaturas* The first 
level 'Cf safe%‘ is te. design reacter and ether ece^eneiits 
cf 'tlie ^rstea tc ^rate eith a high degree cf reliabilitr* 
dlset .^sH e^uiiiaeiit 8hcid.d be able tc eperate 'ui^ ainiaal 
chiaiiis cf .ael^toctiMw* la crder te achi.evi lMs« ^dal 
laphiwiyi is plaa^ eii ths ^lality et aaterisls ussi aai 
:iisilci«ai^lpii lit .carelil ^siga sad c^istn^ttca dees act : 
iMcesmrl% clialaate sH pessibilitiies cf incidents cr 
aallh^sticiw la te life cf te reacter# te purpte ^ 






tlw ateieiiS tvmt &t Is t@ provii© seeaai to ^erostidll. 

or oo|» witli aagr suoli ewzits* feaotof ts Ci^so^^eatly 
s^nlfpod sitfe & protsotloa systost the parp&m of ifliJLoii is 
to mMtf aoeasodste a raiigo^ of ooi^imhle slsiofoidt 
sltuatioiui# 

Stilif '*^ poi^iMlitiss of soiae aeeiieixtsO'.Qcmiliig 
mm not lio oou^ietely ruled out* These aooi^teatSf oslled 
ttm iesigu liasis aocidei¥ts« thcnigli highly ui3lilcely« osu he 
seipsie eaough to coiaisger the eeUbeing of the puhllo* 

Heueoi Mm or^r to provide additional laeaoiires to ohe^ sal 
ooutrol aooideuts and* in ease of failure in do^ m$ to 
protest publio frcai its hasards^ ei^neeriiig MilSty 
features are proulded* GmsM.fm»w^ syat^ is one of these 
features* Inio^* eontalnieeiit striiSl^ire 'is the last safety 
aeasurs* Been the thought* of shat sill ln^)psii if it fails* 
is horribls* lioas^ f*Coolsnt Aooident (lOCA) is mm .mf 
the destgn ^sls aeoidents (fype 8 aooident as .ilassifisd % 
VAiH Itio) maA mm. Iei4 to mleass of '-radl^otivl^ if not 
oonlained* 

1*5 lsse*8f*6oolsnt AooidMst (liOCSA) 

iMk refers ^s dioehsx^ of 'Ooolant late the 
e^fitsisamsl fOllovIfig the ruptureyof ,mm of the lines loading 
t» or f^eii the o^rs reoMil* £«so*8f»<Sooiaiit^ Aooiii^iits felt 
into oeyeral oategerieB l^pmudiiii m tdie also of ^ hiMt 
in Hie prlnary i^lsnt oireuit* lor. Hso dssl|^ hsols iMoidontt 
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heifiieyi, m Cop dool^ onied) l»peak is posWla'Iioi* 

If siielii so soeiisnt talies pIsos» - tbs ooso sill. iMt 
boatad op papidQlj as tJieps will tmt t>© aifficloot ooelaBit to 
oool it* la aiiob osootaslity# Btop^wscy caoltog Systws 
iWXB) mmm Into opopstioo aofi osatpmsically peaotop slsits 
doifo* Bat tbs pssl^i boat to bo. pm«si '^ipotigb o^r 
Maos* IbitapiiIIyi LOCA Xsads to bl^ pmwmsm and tn^^iatiips 
in tbs eootsiisisixt* ^ 

1«A Cootsioiasot StPi:^titPt 

If a Imrm bpsbli sboaid oooup io tbs ppisapy ooi^laol 
oipotxitf m^$0mn dsopssss Ia ppsssiipe would oaiiss slfROSt 
oil of tbs osolsnt Mtislly ia tbs psaotop woBel to flash 
iato stoss* As a posalt of tiis ooOlaiit lossc soss of fosl 
rods ooiild bs ^teomsst and -podioaotiim fission, ppoioots wmj bs^ 
polsasod* fbs eoataiasoat systsa is the . steroctiips dssigac^ 
to ooateia oima^ally all ^ stoas az»i ladiOootiyi'^ that 
wotili 'Os^^ Iroa Iho psactop vassal ia a lo8S*of*oooftsal 
aeoidtat« 

.G^taiamit^ stporbuos iiss4''for'diffsp^t'tlps of 
psaetmi Cl*Vt OP Bit) diffor saiavimt ia. stapOf ' aatepial aosd 
sad o^.p Ibi^go ooaSidsyatioae* la tbs/^bsglsiiti^ Ms ' 
tfips ffowlipl lAW ^atati»sats wblls ^Ftfis' bod staoiirlo 

oaSAi Bbt ffahioily Ai^amti loplaosd'. stool as jaitoiisl ia ; 
o^taisRimt stfuotiipo ia all iOi^tops». osaipoaldsiti^ 
ooaofali ooiitftfiMHbit stpootsiio Is a soiafopood oasayvlo stvastiosi 






idLtli a staal li»sr« Of lata, ^m&tmm&A mmm-^ 
bas baaii toosaaaiagly uaad far aantalisaairt: tmiltSings all, 
omit the WQi^d* the ahoiea hati«aaa the Iw© is laSaai difiiotilt* 
A. tmv^ m&tion af aagimars aiidi designers* ttesa daf s* 
aansider preatressed mmrtttB ite toe aore suitatol® far mtxMxp" 
»ent strueture while anetber seetion JEfeeXe that the aeiifeiittwial 
RCC aantainMat stfuirlures are goad enough and safe eneu^ 
fhe latest in this simtBiit is the growing use af doutole trail 
esntainsent structure in wiiie}i the inner wall in prestrtssed 
oaEierete is designwi to . resist inteiml presraire and present 
leakage while enter wall in BOC^ is designed to resist 
external ie^ets (sneh as plans erashes eto«)« 

Am fur as Shape is oenoemed* it generallsr oenfems 
t» the aeshanioal struetnre ef tiie reaetor* Meat mmmmtf 
it eensists ef a eylindrieal i^ll capped hf a henii^herisal 
Amm er a eirealar lOah* A&A tlmttj it nest toe aeati^iid 
that ssMt rsaotors Am net Irawe an^ eontaiment strueture in 
itNl sense* But these ^are eld ones atsl esex^ new reaeter is 
presided with a eentainsent stn^lxuni ef mm tfpe ear axrathar* 

f*S Hatoife ef lOOA lieads 

Oxiginal design ef ^le eenlaineent touiMla^ asmaaNI 
that si^liei l43Cd' pfeimiris were ^lifon* This aiisplified 
aa»naptlrai- has toeen fiaestiMd ^ Hie ll*S* f^^wsiear Bwlatsrr 

itedies in tMs field hane new sAmm thet inittallp 
is a 'pmwemm in Hie sessi^ wlHHi 
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tuxlfuM aftip mm tia»« Tterafapi tMm tua 
laaS eazsiildaiui nideb tiMi waXIa wist assist tiw UlCMe 

tlaifam iittsxmt pmmam 
2 * iixtopiial ppassups 

Besldast tlwps ax« csjrtain athsr isq^Ksrtaat rnrnl&Mmtlmmm 
Om af tbaa is afdiet ef twiiwfatupe zlse lasida tlw 
soatalBoaiKt tiw !4)CA« This laads to strassas 

shiol} sl^ii he withia pezaissihl.e liaits, ^wetiaes 1^ 
aeoiieift sight he oaaseNi or aoeoi^^>aaied tf mm saa^i mEplm-i&m. 
in which case s<w» poptiwi of pipe op saohiiiepf aight he thrown 
away as a aisslle and bit the wail« tt is ii^poptaat to ohecic 
the pemtratioa of stseh aissiles^ 

1*6 Scope of -yw Thesis 

fhis work is an siteapt to analyse a typiwdL oonyeationi^ 
flit^ omtatimmmt straetape wih;jeetei to UOCA loads aivl find eat 
udietliep it is adetaately iwfie op aot« I’or this piixpoae -1^ 
eim'^iiweat struotiipe ^ 6oo Mtf.lNiasiecticiit TaideNi Atoade . 

Fowep Fiast has hwiis ohoson* ^ The thesis consists' of Ihdlowiiic : 
psptst 

Ca) €oilapso aiial 3 rsis of tlw oontaiiwent stpts^tape 
sah^eted to - intepiwl ppessare* 

Ch) tmAlfBiM @t the con^iieeest atpoctiire aahdeoti^ to 
as:paeetpic; .IniofiiMt pmsmam^ 

Cs) dsalysls of ^ ooarlatiwest sl^K^taro sah^oloi to 
r. ^Oiwiil loads# 

(d) ^ 3«iehi»od of^Nd.of mtfmmtfiM pmmmm sad ^maSl 

lood.s* 
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(e) Aa^saiBeitt of demits* hf tltm irrterBal MosiXo* 

fbftso |iojrtl<mB or* <»>iil»insd in Cbeptor® 5# 4 jp»l 8* 
Ol^ter 2 im d«vot»i to tbi reviov of jrole'mit 
yMltotlfxos of tlMi voffe loiggootlOBs for furltwr i«ez% aro 
disotiasad I& fiatl oiiaptar# 





2,0 Qeoeral ' 

laz^idirt eontalmeiit 8 truetur@s wer« deslgneit as 
prassux^ wsssls aeoordiag t© the pr&visi&m of *Co«i@s of 
Pwtcticwi* m stamotuml Msiga to dUffsrenft ommtxlas* In 
most oasas tlsi design was oonaei*initl^e«» essentialljr to toloi 
oajps of too elonent of nnoertainty to asses&»»iit of loads 
ai^ the jriidc involipsd, ^rliest attiSi|>ts at analysis wofo 
sis^lified 0110% idealizing toe stiiietitne and loads to eejrtato 
aspeots« tbeiif for sowo tinoy esqperinental studies were 
popilar* Hnalif with tlie adirent of letter amlysis teelmi(|i»es 
and e^sp^statlQnal faeilltiesy snoli sore rigorous and ooa¥^|.ete 
analyses Here d^nae nstog siimlati^ and nwrieSl iproeediares* 

In tills ^M#ter tlie review of literstoro partieulariy 
relevant to toe tlosls wort has laon presentod untor different 
seoHoQSy 

2*1 I.OeA 

file lowfonee Uvemore national laloratoxT to 'toe 9,S« 
did a ;st(idv (tooM by tba tl'*S:»Bl^laar Heguiatory ^oMseission) 
«mder toe nnae of load iSeito^ination Wmgtm tOf aae^ otter 
toite% d^raipi toe prebtoilitr of a torge lieed,.on 

toe ritelts of toe stter« ^tea. Cs3 indloated tost tte : 
pioteliltto . « ^M^'«e'nted getllotini eitter wito 

or vitteiit tertoiioalie is mry esall Cof 'toe order of 10'^^)* 
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#f a was to b@ sawFaX oMsi^^ 

of Bogoltiidt gxoator thao ^a&t of a ixiqpletit pJLpo jR^tiixo* 

fimvmil hf^rm%i& aaaXysos liai^ boon Sohb -to sMjr 
t!io aataio of XdOCA XoaSs* Basod on such s^ilios EiiiiiiiP 

Haoi^^pa £ 4 ] Miiitioiisi! ^^aat unifoxat proaauro is not foaohoi 

thus 

until O.S© mma&m aftar tho pipa braak^axtioneXf iiigli 
XooaX pzossufes aiEist ma^ to tha ri^tum© pipa whiXo noimaX 
aiiiA»iant ppossufos axist 180® tvm tha pip® hmskm 

2,2 ThafnaX Iffaots 

Olisalcit Xtie aiid Aofagi £s] mK^rlmniXf sti^iad “yia 
a f fast of Ihai^X loads ' on uXtlnato m^tdty ^ BOC c^XinijrlaaX 
struetufos ani fooml that thainiaX affaots oxart aXnost no 
infXuanoa on uXtinata eapaeitp Of minforoed oonemto stfuotusas* 

Koto anfi othars [i] slaiios of foot of t^^fotuna m 
BodlaXs of oontainoaBt stitiatuiwa# fhof^ found that ofoating 
ani ^j^matiem of ^piaoinans 4ba to thazmaX load Is aXoost 
SMf ooon if tha oooitat of minfaroonant is iiffafont# 
aXao iooni that sX^^ioagli tefmX Ofa<icing e^Sia ioosoano $m 
fi^ii^ taXtioato oap^goiiEO m^atiiig is sot afiootoi . 

hr thimi: Xoai^8« ^ 

Xs iiflOptX orsop has hoon ssi^oolni irhiX» otXoitlstiai 
^laiol. It mm ho ja^otifioi os ^ Xsi^o -tet sisei 

tho ao^Jtaiil tmim mm mrnMm Xo«^i% onsi^ Is 
im^gsi^oinii#; ^ IMt^iosbiat meA l^^ooiiio Cii3 pmo a ao^ioif > 
to eSKsXato thtcsaX o1upoi^i»« «iiii^ mm mMtf tsiho mmm ^sto 
asooitt^^ Is 'Ms mmrnmA mimimmA oonmto is mmlAamA m 



11 


tMi a Obb la^rer Is Betallie Cs^teisl) 

wliila ttiB other is owierelsa. 

BhtradSt f^edsir tsisaiw aad Funmra [13] 
foqperlmenfcaXr studied the effeet of etei^ted tei^ratiif* 
m stresgtli esii elastieitf of ^nerete* Ttmf fouai lOiat 
Itiese pre^rties sboimd linear i«duetl«ms* At 129f^ ^le 
ooi^ressiipe stfengtlii tensile strength and i&o^lns of 
elastii^tjr sere 30 peroent , 90 persent and 95 per^nt» 
re^otitelif# of their origiaal Co^^eted) raloes in mm 
of noraiOl i^rtland oesfest oo&^rete eith sandstone a^repite* 

For oldier types of oonorett the 'mines sere slightly different* 
The stress^^nein ourve also did not show such ohanip tdien 
heated to teipira^ires less then 200^* 

2*3 Analysis for Internal PreMRire 

As already aentioaed«. there are two loads oonditi.inis 
whioh Biist he nested' dnrisi: lOCA* These are asyoeetrio 
hloifdona thmst and oMfem pressure* AooonSing to Bidingir 
nnd- Hmri^w [Alt asyesetrio thrust: part ^ of '^bis' loading 
sen. he analyaed 'statioally lAth a.Oyngiaio load fhotor of 1*1 5* 
5o^ load oonditiona ooeae slieilar steel fOi.nforme«it' stpesaos 
near the hraali loeationi* ' 

Badidwi Xotti [f] tested sosn noltole of : / ' 
hiolegioai Bhlsld liall under LOOA loa^ and oheeroed -tet 
diaplJii^aieniitieM 


2*4 Siieli Stnietuiwa 

flKS meimr.tmt pi'^erti«s ef a shell eittseixt ieserilie 
its isisistanee dsfozwaitisxi is terns of ^pamhle stx«eliiiig 
a3B& tjeoSiiag effeots* l^^ds wliieh ai» $ippt$Mii to the shell ai* 
carried, in general, a eimhifiatimi of heijaiBg air! streehlxig 
actions ifhich rary over the airface* One of the loadjbag 
difficiilties in ilii '(dieory of shell structores is to fInS 
relatively sla^jle way of {^scrihiiig the interaction het»s«ii 
the two effects. Love [14] ai^ced that for thin shell 
stretching rather than heeding eas the doainant effect, After 
that Lash [15] and iasset [16] ^Ived Love*s general ecpiati^ 
in the ease of cyliniricsl shell and decNsnstraisi^ the 
possildllity of a relatively narrow hoiiralary layer iba iddlcli 
tiexe was a re^d i^tiidL transition hetiMci handing eeod 
stret^ing effect, with iSm tdldldi of the hoiixxdary layer being 
detersinid ^ the interacti^ he'teecn these effects* 

Btsign of mm ttdn. siiells is based mi very ^^rcntete 
anhlysMi* Billinitme [l?] gave the reasons for thtsi 
(l) fi'germi snalysis is so ooaplen that the d^N^lpitr snst 
neoesaailly resort to sii^lioati^us, and iZ) loi^ mmf%m 
cep«Si% of thin onrved 'Stmotases often 'far eonoeds 
predictloii of even M aost iefl:i!ed svailatilo meilysis* 

: fhsio is no ionsrelly ooaef^ldyft' cidteilmi separate 
^ thin idiells tmtt thiidi Mils# different poaiM haoi ooiie ont 
iil^ ihlffiMst dio^ateir to thlMosa Cd/%) ratimi d;poniii« ./ 
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the end 

liUiegte® [17] accepted mM3.3.^ef|jieitiG«i tlm^wf 
as tim l^sis far analysis ef this idiieh leplies that 

Sifleetieiis leads mm email enough m timt chaiiie ia 

&t the shell will not alter the statia e^iilihriua 
ef the f^Blsmu 

Dwi^^ite wide use ef reiaforeed shellsg their liait 
aaalfsis is s%i. 1 ia a relatiweljr aarlF' stage ef defwli^Maeiit* 
llassaanet and %we CiS] hellewe that the heat e^roae^ la ta 
eh^ia liidt loads h^ the work equatlcea of the kiiiKaatio 
thaorM tern asqpaxiJBeatal eollapse patterns wi^ a laiffioieatlf 
acourate field aurfi^* Sawozuk Cl9l» Olszak and Aawosuk [20]t 
and Bhidhkow [21 ] also adwooated the i^i^»ach to oomMae 
aiperliBtatal aad amSIftiaal teehaiques* % niohael and 
Balakilshiiaa [ 18 ] found -^t mmtftlmt results warf aiaiaidera'^' 
hlf«' ^iepeadii^ <m the yield euriterla ^iployedp hath 'ia liNii 
^fomatiiai mapmem and ia of 'iaelastio and geoaetrio 

aoaliaearitf i^iefaoteristles* 

Is^riaeatal "inresti^tlosa hy Baher [22]^ liast 
and 1 flette [25]« Ovex^lohklji [24] and Bwosuk [19]# strotii^f 
:lndi%':te that oolleiO^ neo^exiia^ and limit loads do ^Ist 
lor reiaf oread ^o^aorote shells* 

IhruMr «si Shield [29] ^weloped proeodures lor 
findii^ tifor and lower hoexids m tim tiielt preseiaei el 
SfBMetii^llr ImoM ‘k^la shells ef rewolxitioii hf la^ag 
'field fur^e dil e thifi erHadrleel i^U as e^ i^reaiMttioe* 
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BsmIiss [26] %im wpp&r mwi& tmmr m 

yimM p^ist 9f sIibIIs »f mtifom tidtAmem hy 
mnid^rlng the plmmwlm linear profelaais* flit lioiiwii 

@)fta Ite ^ttitiiatS if tlM yield stiress in eii^r tesMAea «r 
rfieap ia itaaim aai um indepenieat ®f the yield ©liteil'iapi* 

[27] p]*i^Mfd a theftirett on the liait analyaia 
of plates aad ahells and reperted that the falliijre ntehaal:®® 

at idLataatleally adaiaaihle ayAti* 
aaaeaiated titthi the Mgheat 
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Kitehiog afift Zarralci [1952] stadlafl tbs l&mr 
bcmiKi llttlt pi« 8 m 2 r«tt for a Cf^lindslcal ©Mil with a lilllod 
rectaxigtilar slot sisulatiiig a p&rt through Opoa sad 

©lose exited osrlis^efs of difforoxxt disoxisii^ wsjfo aaslf'sod* 

Comideri]:^ Oflladrieal wattr taxdc and stomi© silos 
asie of reinforoed i^i^roto as tMa sboll struotaxo* l^iMSjr 
[55] aaalfsod tbose txsiiig loiiar theorm of liait 

aasljsis* 

l»ioit axisljsis basad m loner hemsi tbeojff of 
reixifojfiod oeoors'lMi esrlindrioal shells lilia ixaSergimEiid taxdc 
aai alio were oaxried out by Midaiii and ^8 [54] to dtetemloe 
the eollspae loadf aode of failure eto* for a gleea set of 
diaeasioiiel -paxaeatexv and xelaforoeseot* 

Atteapt Here ali^ aate to sbtxdsr the failtire aeohsxiies 
of prestroMd oooereta ooatii©Biiats« 't ^iiesonds and 

HaoOxegor [9] leportod that altiewite fsiluxe aeebMilSB is 
siaple oiro^la£'^'?ooial ' mBpmmim of the oylixider nail 
lee^i^ to fraoture of ^ post-teiisi^iig teis^n^« CSarfotero 
and others [lo] fcnaxid that struottire niixis first by a ^ 
loss of 'xigiditf due to the on^biag of the .oooorete ao tlwit 
the steel stislaiiis the etxu®tare« the eooploto fullaro of tba 
otrtxottxre is Obtained nboa piestmis^d ©teols-^ ixxto 
plasM^tf^ 

/lioboi% onS Ootao [ll] aiyap gavo ^ 

oispi^iiaoidr idt dboiiii^ 
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2*5 Biatags by lutemal Hlsslles 

Investigators have ecsm out iiith mmy soflricai 
rsiatisisi to i^Qiliats tbs disptli of penetratlaii tbs 
inttmai sissilss* A^og tbs ecainox^y used onas art Modiflsi 
Pstpy Fonaiila [35] nsadi by U*S* Ifevy aiiS BWifisS Batlonal 
Dsfsnos Bsssareh Comlttes Foimtla [36]* 

fizakXly it ma bs peintai out tiMt a i^or drca^alE 
of sibost ait tbs anatytioai sbidiss of oontainsent stjK^turo 
tias boon tbe iiask^tequats attsmti«a paid to tben^i toi^s* tm 
tbis tbssis thsy ham boon givsii batter treata»iit* 




fm mimm iotshiial phesshsr 


5*0 Qeissjftal, 

Sal^tj ©f a stfmtam collapee is tlae first 

tMiig a iasigisir is iritli. It is ©f atsiost In^rtaa©© 

t© adefoaiA amFgLn ©f safety a^last collapse* TM.s 
©l»^ter ©entaias plastic ©r collapse amlysis ©f tlis 
coataiansat stractare perforaed to ©btaia tl^e collapse pressure* 

5*1 Stmctaral l^ta and Other laforaati^ 

* pjmsmizlsed Light Water Reactor 
s 600 

I 36«6 m high oylizalrical shell 
of ianer radios 20*6 m 
by a hesiapherioaO. dose of 
saeie iisier rE^jUis* 

thiOteiiess of o^reto oylinariool shell t 135 eai* 

Thiokiaess of oeaorete hwaL^phtrioal doses 76 m 

Grade of ooaereto i ll.tO (f^ » 20 HPa) 

DosigB pressaro i ^ psi ( ** 0*28 l^a) 

Reinforoeoest i 50,000 psi ( » 345 MPa) s1»el 

Liner * 4*408 steel 

fhiiihaess of the liner t 1/2»* in the d©®e 

5/8** lathe cylinder 

1/2** at the bottca slaii. 

Reinforoeaeat- details are shm la Flg8,5,l aad 5#2* 


Type of Reactor 
Output 

Shapo aad Sire 




FIG. 31 REINFORCEMENT DETAILS OF THE CYLINDRICAL 
SHELL 




■2 X 2e<l>e>200 

2 X 36«^ 0150 


FIG. 3 -2 


REINFORCEMENT DETAILS OF THE HEMISPHERICAL 
DOME 


Jkpprm^h 

adopted for aiiaiysis is tM &m ussA 
anA aAweatsA I^issiHxset a^ Saips [18], In tbts, l£«it 
ic^8 api ©fetaiasi tha work aqmtion of the kifieaati© 
th»or«Bi^ Ki® Itiuiaati© thserea eMantially givas an tapper 
htmA to the limit load* is the right ceXliq^ae patters is 
mrf diffiailt to ohttiis amXytieaXIyf acKjrejlaeatly olitainwi 
collapsa pattais oan ha uaaA« lAns the approach is as^ia* 
tially a ecjahinatiim of so^ilsesW atnd analyti'Cai taolsaiqpas* 
In this thasiSi^ howeaart oollapaa patton^ ohtainad axpari* 
aiSfitLy hy other inrestipitors bare hi^n n^d for eylindrioai 
shall ch^ henii^rioal doaa* 

5*3 C^iligp'Oe Anaiysis of CyXiiidrioOl Shell 

fha oi^lapao or plastio analysis of oylindilaati- 
shall porti'Oii of the n^ntaiimest stmottire can ha disoiissad 
onAar following aaotiesst 

5*5*| flali edition 

la this analysis tha yiald ourfac® for reiafOread* 
eonoroto ^linArioii ^diells givan hy Sowomk ami ImAg [59] 
his hoan liiMd# this yiald «trfaoe had boon foond saitahlo 
is nsad hy mtm inrastipitors* tm 0'i#ar to iaiw^ho tha 
yiald omolitiini ganofnllsod mwtmm mm dhifisad as 





to 


Tl«i 3»iafor«©i8®irt; mti@» 


tt 


H 


aad tile 




0 


r 

»»mvAiri|r'i 

% 


H and I! am eoi^al fame ai^ iiaiidlx^ moraent^mqpaeti'veljf 


t is tl» tMalmess af tlm shelly simS Aq am tht amas of 
Xon^tudinal and cimtialltmatlai mlnforeeisaat |>er unit of 
long^ 81 ^ djp 8)^ am mmdLlo ai^ ftelA - stmssos 

of oonomto* i* tm ileid almsa of minfoi’eooaot s^laol, 

tHa jrioid sorfaoo is famed of tm pambolia . 
oyiixKdors witlii o^tatiemi 

i^Ci#*) ♦ 1 1 ^ t a I) 

♦ *■ • 0 ( 5 ^-| ) 

and mijgCl+* ) ♦ aa| ♦ /^a^C* ♦ t) ** t* • 0 C 3 *a) 

iioitod by tbo piioiis tfil^ oti^tioim 

3 % • ’ t - 04^} 

and ( 3 #%) 

flii feilum mat^m is mom is fig« 3»s« ; 

If ^ tsasils stma^rm of ms oooofoti is to bo 
asgisotsit ^ tsiem to be 00904 Also, if aoifii loadls am 
oi«lofits 4 « © sod mimm ofi^tii^aod^mbo omimM 
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from equations (3*1) and (3.2) hy simply making “ °Sc “ 
respectively. In the symbols x^p, and Up p simply ' 
refers to the plastic or yield state. 

The moment and membrane force capacities can vary 
from section to section longitudinally but the profile of 
the failure criterion remains essentially the same. 


3.3,2 Collapse Mechanism 


It has been concluded, on the basis of e:q)erimental 
studies on models of RCC contaiment structures like the one 
being analysed and other closed reinforced concrete cylinders 
subjected to uniform internal pressure, that the most common 
failure mode involves formation of hinge circles at the 
bottom, middle height (approximately), and top of the cylinder. 
In some cases the collapse pattern has been different but 
these can be attributed to the presence of local flaws in the 
material and significance of loads other than the uniform 
internal pressure (such as lateral loads). Using this 
information a collapse mechanism consisting of above mentioned 
hinge circle [Fig. 3,3] has been used in tlK analysis. 







FIG. 3.3 ASSUMED COLLAPSE 
MECHANISM 
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FIG. 3-5 YIELD SURFACE FOR REINFORCED CONCRETE 
CYLINDRICAL SHELLS 





As tiiiiiiifil go mt mem *!» Infliwoe* th* li^Ltiwatt 

o^isitr #f RS2C 8tf«®t«i«» mil Cs] aaft tfeag Imie &m mmll 

tli» eyUiidi^eal. afetii hfts bi®!i i^fiisldejmd t© tm 0UfeJ*®t*4 
©isilf t© iialf®wi iiit»yii8A, |if®®siix« ter tli& pmp&m ef tlii 
ulmsti© 

ContAlbp tin imAl •laaftat shatm Sm Figm 3*4» 
of oq^Ulifiiai of tMe smil mlemmxt oiot 
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t i» thi l«!igth #f tUft sl»U» C? » 41^/Rt , R i* 
thB xmiiiss «f 1A» atlliHi mtrtmmp anidl t is th© effsetiw 
th|slci)»i8« 9 f tm IcisaM at tlw 

top amft ®f tha 


far ^ aastoMi oaitapae aaitg oiratM^mitlfA^ 

at iiiis@t airelas ahoutd fail in taaaiaii i«a« 
far tMs to oeear 

:iiiaatitiitl.iig Ms im 'tfnatiaii 0«3) aa gtt 

-p* - 0 



XatagintlfKa af tliia a^taatiaai giaaa 

^ & 

• Cp* np) mt * im * b 
Boufidiarsr a^itiimt 


C3*f) 

(3,^10) & (3.1 1) 
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anfl (1/t) •*** 11 ^ 


lk|ua'tl4iii (3*13) 


-1^ m 


C*l2 

8|2 





pt 


m 




%1 





(3.13) 


Slij©ii <1^ stFUGi^f# 1^0 imm liiimMt (ft®*' wait I«agtli) 

of laiaforoiatat m tewr mi o^ttr ftooe, % ^ 

IS “ ^ ^ 


aooot* ® ^ 


3 * 3 #S . 

>Sl^CjUU>r«U ’ 

1^’ ' m fH '.j®, 

t| 21,275x1^5 


4^* 4 (36,S)^ 


% 


1^*S0 
1 


M nr cskK-|r:::iStwm. m • ■ 0*05 

• 0|i «0 

0 545 

|| « 0Cto ** • 17*25 

O** 2© 


|y|. 

O»017 

IP' 

'll 

■;|:m: :;; :i|iiNi’v M%X. m: “'tt' 

t * 1*35 


0*027 


btt.319 


o*or^ 

0,0^ 

lit'^ti’liiitlfig iroloao in wisatlimo D»1) ai^i 


(3*2) , 

i.o» ♦ *>4 * '•* *k * ***** " ® 
mA *1.09 ^*4 •I.Se V®*'® • ° 
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mm mqmUmm mi i^liaiers 

i&mlng tlie yitia iupfM^ 

By ‘Hn 'tsiiW Q^XXapM ©®«s®up8 mfm&mim Is alfoafiy 
sracliti,, liiiss it is i^rc^riatt negX&et 'IsiwiX* 
stpiiigtli mi ©siMtpS'ts* fmf tills 

* • 0 

Vt&m tho fisXH iupHiss is gltsa by Isi^sirtBg efusatisisii 

♦ 2 15^ » 1*11 • Q,g 5 « G C3,14) 

* t 4 * ^ ^ ^ C3#1S) 

ittbstltutiiig • © in (1*14) 

1^ • 0*0 

and subati^tiiii • 0 ia (3*19) 

• 1#0 

0 siiig tbs^sft ymlmm 9 * it sbtai'iitd 
16X0*0 

f t g| -# ’ll ' 

MmM. Ik ^ 

* 1#©i4 

Cmttmipm pmmmm mm mv %• tiXsaXattd usii^ tills xXlaa 
f* X 1 *SS X 20 . 

• 1*34 m 

■fli^g 0»litp.tt f iiiPWi* •■ : 1*34. Wi 

. C«*. 4*1tt X ©aalgn i^saaia)^. 



27 


3.4 Coiiapw «f OHimifaAn^ Wms 

3.4.1 C&liapia m&$ ma& Tt«M 


mtlmpmA wHtii f^r tbs pasp&m mf ©@llap« 

8iiii3>3rs1>8f ■’fell® Sqm® 1,® ©8 jlfitwnl’ ©■fj ’iib® wi>^^ Hi® 

©ylliiAiletfl ■ ls5pt3Pia»®fea stitdi®® ©f mllspm .©f 

fatal 4c»liAf*i€iaI doMii mfajteted t© ijs^rml pmmmm hsm l©fi t© 
tfa© ©on©lu«i@» that faial©©fa©il©al i«ii©« ©IHi fiiE©« ^ 
eomlittiwi t«l«i tfa© ^^P© ©f a sii©t«XXi|p©©iA <©11^ »ta®y 
dlaMt©!* 2fa m 2R anS «©^r iHaBRttp fatf©!© i^31a|ta© 

«i»l lnt©jiaiil. ©iiirgsf 1© 8t©i©4 la i©iaf©pe@*i©iit; faajp© 

•xttaKl©©. *9%© .©©lli^at ©mz© ©fa©© Hi© faaiP© Field •xtea©l,©«. 
%p«r facfuai t© «4d.li^^i© ft«©©af© mm fa© ^©fa<laiii©il malag 
kiaeaatic Hii©mi«. 

Kinm^ti© ©f l%p©7 famd fl»ii«ii . ' . 

tfala ii««a faf Fiager [40]t 1© ©isM m* 

**Ia a flgld ptjrietfalF tlasfal© ^atiniiaiy p>l©©tl© 11©© 
aniafa ©©©imp wider 1©^ fir i^lefa ©a ©a©tifal©t Mmmmtimltf 
©diaiaBifal© ©©1©©!^ '.field mm fa© iwad**,: 

la ©«fa»r if©ii«t lead © 
kiarnttiillr rnmm^ mmmmmmtA i© ©I^WP ©^Piiit 
©f ©a mpfpmw faewii 4© ifafa l©ii- ©apieity#- 

3.4»t 

fli© mm ©©©©^©tt M ©©rH^niiil 

mm mm iw m m mmwm^ mmrn la 


o: 


I: 

•tofttd in tlMi nnifididiMtll , aaf in 

tim pmonns #f Binnt 

s iK ^ 

• ' IR y- 

wtaftt A in tte «n%inii@a %f tlm Imjp in tite plnntin mniniii 

(n) NiiPidinnni Bninfnjpiwniit 
©rifiaidl 

■ i* 

Um«m ®f tfanniiinii «** Wn v 

ikm i«ngi^ ^ni«il||i.ni 

m M /» 


n • 
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Expamlitig til* fmmUm to th® iutegwil nmng .bi»«ialL 
•acpansioa, 


# • ta I (!♦ I •* ito? j-«^sto\ * I-l - -1 


1 I 

**»*##***■) ^ 

if •oo*iitfl@i% to mllf • mm l» aj^imtoatoi toUavtog 
•a^reasioa [ 38 ] 


r» 4 r 
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iwfeatltoti^ ^ 

H " J| 
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1^4 [fa- ^ 
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' a tC 3 ssssf® 4t f3f ^ ^ 


Jl 

Jlli 

•y» 
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♦ SS*** 'CRCKJf )] 

n 
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ii»gl«ctiiig « and at&tr felgh»r ©ptftp ttw m & is Mutil., 


^ tn '4tSiw: » % 

M ^ 




t 


m m M ttk A 0 

M ^ jH ^SH ^ 

C3,17) 


:i^ is tiMi of iwftdUlotMtl joinforooaoat ^smm 'Sai 

0^ io tho ofta of ofooa«oooM^ of oooii iiar* 

(l») CSifomfoiofitlal Mnfoirmoot 

Consi^F ai^ point i m 1dm oijp^ilaF oostion 
thxm^ ill# mlMls of 'Mn Imi^^borlool. iooe« fbo ^oFitnatoo 
non too oomrM loiotti to i^tooFioal ©oofilliiatoo toy foileifii^ 
OXpFOOSiO«OM 

%■■ m %^s9 
ftai to « R iln • 

triiojpo il is tut intfloto if ^ ^fooIop aootl^ mA ® io 
noooiiFos fmm lin ofiinnto* 

CiiioliOF Hio foinfoi^^Mi^ tooF 

poooing ttofmigto polnl C^to)« 

ionitli of ^ 'toif • to to 

• is & 000 • ■■ 

JOmw li»i liioli^^i^ mmk Mrn- of o 
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9«4 Seipt Itar. I^uf^r lifti 

fiiemgk 'till* weile is s stip la am ^sifsd iiia-stlait 
it toss sssH^te IMta^ieas* Ptirtiisr iisft to toto ftoU sl»iild 
to3r to mm»m- tiias» Tlds m& to stoltoai a ^s^lsto saaii^is 
%f *ttolts itoto tosiga* i^fsssli, to^r aiisli sssisrsto iliiiiili 
toffid.ato ^Eaaarlitotiss iavsstigattoa sf Sf«elti*HlaeI.iidtsc 
ssitotottoa ^ ttoto iiitto sad ispto# Byamto sfISsto #f 
HO&k stoc^d to tolisa toto ss^iaiEt* Sfiset #f spsaini^ to tto 

mah/ 

Sfiiitoiii^ wetit wm to sa^aiisfsd* i lalisliillto tostd sttolf 
is sito dtoifal)lis«; 


1.* S., A*, ’!liei«ar Beaet®r feiglni^pifif*, 

3f& «4.t Ife»tw®a Raliiholi 0©,, Ifew Tofkp 1^* 

S* i*A*g *B9fdlgii l^ta ana Ifealairas ®f 

Cmfmvi.mlX %i<a.aar P&mr Flaii^*ji ?dl«1p rwpnrt 
7«A^ HidNdLan^t Sak Hatliaanl liabomto3r3r(19?A» 

3« Ckimt *l«aA (M^inatlan Raatafnii Wmgmm at tlw 

liawfaitaa Idiaiiwafa Hatlofial lal^mtdjrjt* J 1/1t#f • 

4« anA MeoiHinat II* 'Ultimate Strei^tli 

AnalfiAa at RaiiifaimBd Uenamta Ueataliieent SMelA vyHa* 
J S/4,# * 

S« Utaakif T«« Ittf f« anA Aasragi^ t»y 'UrafteA Js^piiiaa Utaiin 
Uritaiia far ^^oamte Uair^liiaant*^ J l/S^ « 

i« Matat i« at al»f 'lebavim af Rainfareai Conerata Stiiait 
liBkl.1 1I&S»3m W&lmr Ttanail ami Saiaala Z4!^s'p J A/%* » 

f « ' 111 ^^ 81 % %% aai latUt %%# *lleiilin»ar Analjais af a 

Mal^aal SliialA Wall aniar ROOA laada in a fil flant't 
a ♦ 

d« €Saf*aial3aal» ami Balakid^aiaiin* 'loi^near Mmtftdm 

af ' Ffaatramad Uanefata Uantaimiista'f J » 

f« HirimaF# Riaaamlat %1» and llaaUrisar« %%». . 

tfradiatad lalmviaar af ^ntiUrt CMmlnaamtVJ S/ft*. 

a I . . Tal«^|a)ttrait«aattai^ af Xnttrm&tioiml 

Oanferam m Stmatafal in ilaaatar faatanalaisr 

bald in faria W Sartir 

uailaiii fatliaMi^ ^apeoar* 



■IQ,* af BvtetjjbOKir «f 'C©iit®ii»»BEt 

M.iS4ag* #f RsaatajWf QntlX C^i^le^ fyLluupa 

ia Ugm #f 3 l/i*# * 

11* %»jrt*i3Mi»eart* R* aai Bala«f J** •Hiapanaa 

#f a »i©3aar »aa©t©i» Ceaemist Cfeataimieiit t© IRiiHiwa 
msA Mialiaaiaftl I«wliaiPi*i ^ 3/1S* * • 

It* Qal*^raiQji%t. ffiii ©|]e#li«iai©t *Qal<a3lgiti«« ®f 

fl»jafliiQ, Rtianm ia lkt©X«eur R®a'et®)p«*|, Coaaultsa'te 

IkxaiMitit 1fi4* j 

15* f** «r** Iciaaa* S» ©ail F** 

*Stiaag13it lXaatl®it7« «ai ef | 

OamiartMi Salijialiii § C^aafalt 

iaF l^^aar Riaeiars ff^X*!)* Pmaaiiaipi ©f latajfiitttlaiiiX | 

■ 'I 

Sm^mr m ^ l^ie Mi ia BtiiiJi * Oat* 191Q* I 

i: 

lif i*Q*ll*f *% SaaXX Fj^ Tiiixatiaaa laii patewm^m 1 

Ilf fliia ©f R^raX 

#f 8«ri©s A* pp» if^ 1883* 

1$* Sir itf Qa ^ QattMaatiaa ©f ©a Haati© SatlX** i 

Fpoataiiaf© ©f ^ tmAm llttta©«©ti©iki S©©i©t|rf <pp*t1t 
11f»l^ 1390* 

I'if *Pm ^ Ixttaaiaa ©f'amd ?l©Ktiis« ©f 

Qirliai^M iiai %li©f<i©©X f©ia Vliiitl© ili»XX©*t ^^X©# 
«Qfilii©itX tfiiiaM©^©©© «f ^ RifiiL ©t; ' 

Safi©© A> i^*13ft 1350* 

■©©, iw*\a, tt i r©w:«.::f:i‘.if tt©©j © :w‘},:rma©©rfriiC#v rjfi;,?i,t©iiA -mofmm.A%mmit.i:-. w 

0 i ?©X*J^C©)f tx«a£«©ti©i© ©f i0m l^ilermtiQmil 

C©3i2©v©a©c ©a StiaetoM MtalMRiiM ia isaetar lieiai©l©gy ' 
Mi ia Farii (i©gMt1*NHt19i8/« fisfeiliRaai hy 
MXaai FMialiiag Qe^af * 
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tT# Shell Conefer'ie Stjfiictiifws^f 

MePwar^illl M&m €^*t Kwr Yeilt, I9i5, 

ti* Ma»ii»ra»%„ 6,»1* end Ikemf, •flas’^ JiaaPlysl® entf 

0eiA#ai #f fla^feie, Shells end Dliicii*^ itertIr'HellMBdl 

If# Saweniet fmmimUmm &£ $4Mt 

4iiRlfti|ji fhmrf ef feliif«itaed Sheila* § Shell 

Saaiai^ht ®p# 2lf»* 31# lerllrBhllaiii fuhl. <%*# 
iaaitiesiiiih lfif« 

20 # flaiali# V 4 aad lhnKse>St# A## *Iaeleatl^ Beteinetir' la 
Sheila*# See^heStf Si’aiiliiiezi# IfST# 

21# S«E«f *14iilt lutilihrliai healia ®f ShhUaif Shell 

lle«»»«i«Miieel Shell tipehleMt# fp# fl^f^ 
Shr^h^hellaad Pa^« Sh## JMeattfSiii# ffSA# 

ial@il% Mm%m§ Seseast^ th Seialhmi ^eaetete 

iili il^ii^meie te ultlMite loeti SeidLgii*# 
l^gee#.» l^« 

23* Sfiei% S«S« ioii Maile'IAe# 2«i## *lllti.ewli' 'Ii^ fheerr ead 
theta af %liziieiehl Shell teeth*# 2eiir« 
iiist*# fhi.siCii)# ft# 

24 * 0ferte!iei&# 4»l||# *Aiiei|ala ef ti.|iifefee<! CSeeiexvte 

ie-^tlehailY Sheila*# ^ptp»3^>dat» iii>aeei% 

IfSl# 
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25# ®#C»# ani R*f#* •M»it itaalyais «f 

i«6®ieA twiii Bhmm nf iewiAuti^ 
mm^ Jw* mm*, f<A#8f, 

2i* li»di<i|^ -3?#®##' MmSir m tl»,Tlj(l«i Piidiit 

■L^arts ®jf 81 miH, 8** JiiH®* #£ lfe©h* l^grs* Sol^i Vole'll# 
W* 19®3* 

27# *%tlMi1, flastie 8»8igii$ JUUcMsms® isr 

Saif 1lt,t|^«g Smmm %gg#lfe©li* Pro©* ASd# fp* 

11i5»75i 1ff7# 

28* {iftydl.|1i*lf#i, *Adlil1toNit- f^)r©es im C$lrcml©r 5il# lalUi 
dta» to MmsmArSM ISftselmrpt*#' Fro©*- Icuitittttlm ©f 
%^iio©tSt 3PwPt tf 7oii.*75, fp#387«i8t 1915* 

t9« 8# ©mi l4Mitli% 8*0# 9 *L|jiilt Analfoi© HoF 

lllag«3il.8i£»fo^ ittllfttlii io 

Folmtoo 8©i«ii@«% Sorie SoioiiM 

tiNMIJiii% lo*2t 

30* SEe«8i9iiiflid.f V,| 'limr Boo^s. m Boftiiiig «f 

mB& ftat»« lio^t at iiios l^stritMEtid 

Af^looos #f Nftoliiaitta# 28# li©#1|i9P*95«1@t9 

31* l3$oixii»t 1# «t •!## *immp Bamnia t» Q^%m^ hmM of 
flilA €ir«i3ar SatJaeM latomi Fxai^iisw 

^iiiyr*y Smat* @f ilapia'lbidb»% £or loetaologr 

#f l^ywitiaitf i 7i^#1fi f9*12Mit 1978# 



ja. IltehiBg, R. and Zanvabl, tU/mr Bound to Unit 

Hir SrIlMrioal SlitU witli Rsai^^l^tmsugh Si®t», 
lai# jismii* mt ^*1* fp* Sf-MlMS* 19®l« 

15* i&Mijfg •Plaati® ^aalysis «f ^lafof^ai Canoz^-I* feiites 

ani i, Sfeeii* Tiw.aiSp ut fCaapm*, 1^1^ 

34* ®*®# $ aafi ®* • *41*1,% Aiiii!i.ysi.s @jp ilaiiifaipaail 
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